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© Polycanbonate production method. 
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The present invention relates to a polycarbonate production method. More specifically, it relates to a poly- 
carbonate production method that is capable of preparing polycarbonates which have excellent residence sta- 
bility such as hue stability and heat stability at the time of molding, and which have particularly outstanding 
water resistance. 

5 Polycarbonates have excellent mechanical properties such as impact resistance, as well as excellent heat 

resistance, transparency and other properties. They are widely used in applications such as various types of 
mechanical components, optical disks, and automotive parts. 

Polycarbonates such as these have hitherto been prepared by a method involving the direct reaction of an 
aromatic dihydroxy compound such as bispherol A with phosgene (interfacial process) or a method involving 

w the transesterrfication of an aromatic dihydroxy compound and a diester carbonate (melt process). - - 
Of these two methods, the melt process has the advantage of being able to prepare polycarbonates more 
inexpensively than the interfacial process. Moreover, because it does not use toxic substances such as phos- 
gene, it is also desirable from the standpoint of environmental health. 

In polycarbonate production methods by prior-art melt processes, alkali metal compounds, alkaline earth 

is metal compounds or the like are generally used as the catalyst in an amount of 10- 3 to 10-« mole per mole of 
the aromatic dihydroxy compound. 

However, polycarbonates obtained using an amount of catalyst such as this have a poor residence stability, 
That is, when the polycarbonate is melt-molded, some of it will at times undergo thermal decomposition, a de- 
cline in molecular weight, discoloration, and a decrease in transparency. 

20 For example, Japanese Published Examined Patent Application [Kokoku] No. 54-44,303 (1979) discloses 

a method for obtaining polycarbonates that prevents a decline in the molecular weight at the time of molding. 
This method involves carrying out a polycondensation reaction using an amount of 3.7X10" 6 mole of the sodium 
salt of bisphenol A as the catalyst per mole of the bisphenol A serving as the reactive monomer, and adding 
methyl benzenesulfonate to the polycarbonate thus obtained. However, the polycarbonate obtained by the 

25 method cited in this Kokoku has a poor initial color tone, readily undergoes yellowing at the time of melt molding, 
and tends to have an inferior heat resistance. Moreover, the water resistance is not enhanced, hydrolysis readily 
arises, and there is a tendency for the transparency to decrease. 

Hence, the appearance of a method for preparing polycarbonates that is able to stably .prepare polycar- 
bonates having excellent residence stability such as hue stability and heat stability at the time of melt molding, 

30 as well as excellent water resistance and transparency, has been awaited. 

The inventors conducted research on such polycarbonate production methods, as a result of which they 
found that by making alkali metal compounds and/or alkaline earth metal compounds present in a specific 
amount within the polycondensation reaction system and by adding a specific sulfonic acid compound to the 
polycarbonate obtained, polycarbonates can be prepared which have excellent residence stability such as hue 

35 stability and heat stability at the time of melt molding, and in particular excellent water resistance and trans- 
parency. 

The present invention was conceived in light of the above-described prior art. Its object is to provide a poly- 
carbonate production method that is capable of preparing polycarbonates which have excellent residence sta- 
bility such as hue stability and heat stability at the time of melt molding, and in particular excellent water resis- 
•w tance and transparency. 

The polycarbonate production method according to the present invention is characterized by inducing the 
melt polycondensation of an aromatic dihydroxy compound and a diester carbonate in the presence of a total 
amount in the reaction system of 5x1 Or 8 to 8x1 0" 7 mole of (a) alkali metal compounds and/or alkaline earth metal 
compounds per mole of the aromatic dihydroxy compound, then adding to 
45 [A] the polycarbonate which is the reaction product thereof: 

(B] a sulfonic acid compound having formula [III] below in an amount of 0.05-10 ppm, based on the poly- 
carbonate 


so 



[III] ' 


55 where R 7 is a hydrocarbon group having 1-6 carbons (in which the hydrogens may be substituted with ha- 

logens), R e is a hydrocarbon group with 1-8 carbons (in which the hydrogens may be substituted with ha- 
logens), and n is an integer from 0 to 3 . 

In the polycarbonate production method according to the present invention, along with [B] the sulfonic acid 
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compound, it is desirable to add also: 

[C] an epoxy compound in an amount of 1-2000 ppm, based on the polycarbonate, and also 

[D] a phosphorus compound in an amount of 10-1000 ppm, based on the polycarbonate. 

In the polycarbonate production method according to the present invention, the above (a) alkali metal com- 
pounds and/or alkaline earth metal compounds should be added in an amount such that the total amount in 
the reason system becomes 1x10- ? to 7x1 mole, and preferably 1x10-' to 6x10-? mole, per mole of the ar- 
omatic dihydroxy compound. 

In the present invention, because polycondensation is carried out by making a given amount of (a) alkali 
metal compounds and/or alkaline earth metal compounds present in the reaction system and because a given 
specific sulfonic acid compound [B] is added to the polycarbonate [A] obtained as the reaction producUhe poly- 
condensation reaction is maintained at a high polycondensation activity, in addition to which the resulting poly- 
carbonate has an excellent initial color tone immediately after polycondensation, an enhanced residence sta- 
bility and water resistance, and also an excellent heat stability. 

In the polycarbonate production method according to the present invention, polycarbonates having even 
further enhanced water resistances and hue stabilities can be obtained by also adding [C] an epoxy compound 
and [DJ a phosphorus compound along with the sulfonic acid compound [BJ. 

The polycarbonates obtained in the present invention are able to form moldings having excellent residence 
stability at the time of melt molding, low discoloration and, in particular, excellent water resistance and trans- 
parency. 

The polycarbonate production method according to the present invention shall now be described more con- 
cretely. 

In this invention, first a polycarbonate is prepared by inducing the melt polycondensation of an aromatic 
dihydroxy compound and a diester carbonate in the presence of a catalyst 

There is no particular restriction on the aromatic dihydroxy compound, but compounds indicated by formula 
(I) below can be cited as examples of these compounds. 


30 


35 


(where X is 


40 


R 
I 

-O. -C-. 

R R 3 


-0-, -S-, -SO- or -S0 2 -, 

^ 3T}d R1 ^ hydrogen atoms or monovalent hydrocarbon groups; R3 is a divalent hydrocarbon group; 
and R • whlch ma y the same «" different, are halogens or monovalent hydrocarbon groups; and p and q are 
45 integers from 0 to 4). ■ 

Specific examples that may be cited of the above aromatic dihydroxy compounds include the following com- 
pounds: bis{hydroxyaryl)alkanes such as bis(4-hydroxyphenyl)methane, 1,1-bis(4-hydroxyphenyl)ethane ( 2 2- 
b.s<4-hydroxyphenyl)propane. 2.2-bis(4-hydroxypheny1)butane, 2.2-bis(4-hydroxyphenyl)octane, bis(4-hy- 
droxyphenyOphenylmethane, 2.2-bis(4-hydroxy-1-methylphenyl)propane. 1,1-bis{4-hydroxy-t-butytphe- 
nyl)propane and 2,2-b.s(4-hydroxy-3-bromophenyl)propane; bis(hydroxyaryl)cyctoalkanes such as 1,1-bis(hy- 
droxyphenyl)cyclopentane and 1 . 1 -bis(4-hydroxyphenyl)cyclohexane; dihydroxyaryl ethers such as 4,4'-dihy- 
droxyd.phenyl ether and 4,4'-dihydroxy-3,3'-dimethylphenyl ether dihydroxydiarylsulfides such as 4,4'-dihy- 
droxyd ip henylsulfide and 4.4'-dihydroxy-3,3'-dlmethyldiphenyisulfide; dihydroxydiarylsulfoxides such as 4.4'- 
d.hydroxyd.phenylsulfoxide and 4.4'-dihydroxy-3,3'-dimethyldiphenylsulfoxide; and dihydroxydiarylsulfones 
such as 4 ( 4'-dlhydroxydiphenylsulfone and 4,4'-dihydroxy-3,3'-dimethyldiphenylsulfone. 
Of these, the use of 2.2-bis(4-hydroxyphenyl)propane is especially desirable. 
Compounds having formula [II] [sic] below can be used as the aromatic dihydroxy compound. 


so 


55 
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[II] 


In the above formula, Re in each case represents hydrocarbon groups having 1-10 carbons, their halides, 
w or halogens; each of these being the same or different and n is an integer from 0 to 4. 

Specific examples that may be cited of the aromatic dihydroxy compounds represented by formula £11] in- 
clude substituted resorcinols such as resorcinol, 3-methylresorcinol, 3-ethylresorcinol, 3-propylresorcindl, 3- 
butylresorcinol, 3- 1- butyl resorcinol. 3-phenylresorcinol, 3-cumylresorcinol. 2.3,4,6-tetrafluororesorcinol and 
2.3.4,6-tetrabromoresorcinol; catechol; and substituted hydroquinones such as hydroquinone. 3-methyl hydro- 
is quinone. 3-ethylhydroquinone. 3-propylhydroquinone, 3-butyt hydroquinone. 3-t-butylhydroquinone. 3-phenyl- 
hydroquinone, 3-cumythydroquinone. 2.3,5, 6-tetramethylhydroquinone, 2.3,5,6-tetra-t-butyIhydroquinone, 
2,3.5,6-tetrafluorohydroquinone and 2,3.5.6-tetrabromohydroquinone. 

The 2,2.2' l 2'-tetrahydro-3.3,3'.3'-tetramethyl-1 ( 1'-spirobi-[IH-indene]-6.6'-diol represented by the follow- 
ing formula can also be used as the aromatic dihyaroxy compound in the present invention. 

20 
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These aromatic dihydroxy compounds can be used alone or as combinations thereof. 
Specific examples that may be cited of the diester carbonate include diphenyl carbonate, ditolyl carbonate, 
40 bis(chlorophenyl) carbonate, m-cresyl carbonate, dinaphthyl carbonate, bis(diphenyl) carbonate, diethyl car- 
bonate, dimethyl carbonate, dibutyi carbonate and dicyclohexyi carbonate. 
Of these, the use of diphenyl carbonate is especially desirable. 
These diester carbonates an be used alone or as combinations thereof. 

The above-cited diester carbonates may include preferably no more than 50 mol%, and most preferably 
45 no more than 30 mol%, of dicarboxyiic acids or dicarboxylates. 

Examples that may be cited of these dicarboxyiic acids or dicarboxylates include aromatic dicarboxyiic 
acids [and esters) such as terephthalic acid, isophthalic acid, diphenyl terephthalate and diphenyl isophthalate; 
aliphatic dicarboxyiic acids [and esters] such as succinic acid, glutaric acid, adipic acid, pimelic acid, suberic 
acid, azelaic acid, sebacic acid, decanedioic acid, dodecanedioic acid, diphenyl sebacate, diphenyl decane- 
so dioate and diphenyl dodecanedioate; and alicydic dicarboxyiic acids [and esters] such as cydopropanedicar- 
boxylic acid, 1,2-cydobutanedicarboxylicacid, 1,3-cydobutanedicarboxylicacid, 1.2-cydopentanedicarboxylic 
acid, 1.3-cyclopentanedicarboxylic acid. 1,2-cydohexanedicarboxylic acid, 1,3-cyclohexanedicarboxyiicacid, 
1,4-cydohexanedicarboxyilc acid, diphenyl cyd o prop an edicarboxy late, diphenyl 1 ,2-cydobutanedicarboxy- 
late, diphenyl 1,3-cydobutanedicarboxylate, diphenyl 1,2-cydopentanedicarboxylate, diphenyl 1,3-cyclopen- 
ss tanedicarboxylate, diphenyl 1 ,2-cydohexanedicarboxylate, diphenyl 1 ,3-cydohexanedicarboxytate and diphe- 
nyl 1 ,4-cydohexanedicarboxylate. 

Dicarboxyiic acids or dicarboxylates such as these may be included alone or as combinations thereof. 

It is desirable that the above-cited diester carbonates generally be used in an amount of 1 .0-1.30 moles. 
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and preferably 1.01-1.20 moles, per mole of aromatic dihydroxy compound. 

In this invention, when preparing the polycarbonate, a polyfunctional compound having three or more func- 
tional groups per molecule may be used along with the above-cited aromatic dihydroxy compound and diester 
carbonate. 

These polyfunctional compounds are preferably compounds having phenolic hydroxy! groups or carboxyi 
groups, with compounds having three phenolic hydroxyl groups being especially desirable. Specific examples 
that may be cited include 1,1,1-tris(4-hydroxyphenyl)ethane t 2.2' 1 2"-tris(4-hydroxyphenyl)diisopropylbenzene, a- 
methy1-a.a'.a'-tris(4-hydroxyphenyl)-1,4-diethylbenzene, a,a\a"-tris(4-hydroxyphenyl)-1.3 l 5-triisopropylbenze , ne ( 
fiuoroglycine. 4,6-dimethy1-2.4,6-tri(4-hydroxyphenyl)heptane-2, 1,3,5-tri(4-hydroxyphenyl)benzene, 2,2-bis-[4A 
(4.4'-dihydroxyphenyl)cydohexyl]propane, trimellitic acid, 1,3.5-benzenetricarboxylic acid and pycomellitic 
acid. 

Of these, the use of 1,1.1-tris(4-hydroxyphenyl)ethane. a.a'.a".tris(4-hydroxyphenyl)-1,3 ( 5.triisopVopyl- 
benzene or the like is preferable. 

The polyfunctional compounds are generally used in an amount of no more than 0.03 mole, preferably 
0.001-0.02 moie, and most preferably 0.001-0.01 mole, per mole of the aromatic dihydroxy compound. 

In the present invention, the above-described aromatic dihydroxy compound and diester carbonate are 
melt-polycondensed in the presence of a catalyst consisting of (a) alkali metal compounds and/or alkaline earth 
metal compounds. 

Preferable examples that may be cited of alkali-metal compounds and alkaline earth metal compounds that 
can be used as the catalyst include the organic acid salts, inorganic acid salts, oxides, hydroxides, hydrides 
and alcoholates of alkali metals and alkaline earth metals. 

Specific examples of such alkali metal compounds include sodium hydroxide, potassium hydroxide, lithium 
hydroxide, sodium bicarbonate, potassium bicarbonate, lithium bicarbonate, sodium carbonate, potassium car- 
bonate, lithium carbonate, sodium acetate, potassium acetate, lithium acetate, sodium stearate, potassium 
stearate, lithium stearate. sodium boron hydride, lithium boron hydride, sodium boron phenylate, sodium ben- 
zoate. potassium benzoate, lithium benzoate, disodium hydrogen phosphate, dipotassium hydrogen phos- 
phate, dilithium hydrogen phosphate, the disodium, dipotassium and dilithium salts of bisphenol A. and the so- 
dium, potassium and lithium salts of phenol. 

Specific examples of such alkaline earth metal compounds that may be cited include calcium hydroxide, 
barium hydroxide, magnesium hydroxide, strontium hydroxide, calcium hydrogen carbonate, barium hydrogen 
carbonate, magnesium hydrogen carbonate, strontium hydrogen carbonate, calcium carbonate, barium carbon- 
ate, magnesium carbonate, strontium carbonate, calcium acetate, barium acetate, magnesium acetate, stron- 
tium acetate, calcium stearate, barium stearate, magnesium stearate and strontium stearate. 
These compounds may be used alone or as combinations thereof. 

These (a) alkali metal compounds and/or alkaline earth metal compounds are used in an amount of 5x10-8 
to 8x10- 7 mole, preferably 1x10- 7 to 7x10~ 7 mole, and most preferably 1x10- 7 to 6x10- 7 mole. per mole of the 
aromatic dihydroxy compound. 

The following should be done in order to use the (a) alkali metal compounds and/or alkaline earth metal 
compounds in the above-described amount and to make these present as catalysts in the overall reaction svs- 
40 tern. 7 

The amount of alkali metal or alkaline earth metal impurities contained within the various components- 
such as the aromatic dihydroxy compound, the diester carbonate, and the nitrogen-containing basic com- 
pounds (b) described later-that are fed into the reaction system, excluding the alkali metal compounds and 
alkaline earth metal compounds (a), should be an amount that does not have an influence on the above amount 
of catalyst; for example, this should be no more than 1 ppb, in terms of metai equivalent. 

In the event that these components contain a greater amount of metal or alkaline earth metal impurities 
than this, it is preferable that they be fed to the reaction system after being purified so as to bring the level of 
impurities within the respective components to 1 ppb or less, and that the alkali metal compounds and alkaline 
earth metal compounds {a) be added at the time of the polycondensation reaction. 

In the present invention, the alkali metal compounds and alkaline earth metai compounds (a) serving as ' 
the catalyst are used in smaller amounts than in the prior art. and are made present in a limited amount in the 
overall reaction system. 

In reaction systems in which this type of catalyst is present in a specific small amount, polycarbonate can 
be produced while maintaining a high polymerization activity and under.constant polymerization conditions; yet, 
at the same time, a specific small amount of alkaline compounds becomes present in the resulting polycarbon- 
ate. Hence, discoloration of the reaction product during the reaction is diminished, and polycarbonates having 
an excellent initial color tone immediately after polycondensation can be obtained. Furthermore, polycarbon- 
ates can be produced that have excellent residence stability such as heat stability and hue stability, and have 
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an especially outstanding water resistance. 

In this invention, along with the above-described (a) alkali metal compound and/or alkaline earth metal com- 
pound, it is also possible to use (b) a basic compound as the catalyst 

This basic compound (b) may be, for example, a nitrogen-containing basic compound that readily decom- 
5 poses or volatilizes at high temperatures. Specific examples that may be cited include the following compounds. 

Ammonium hydroxides having alkyl, aryl, or aralkyl groups, such as tetramethytammonium hydroxide 
(Me 4 NOH). tetraethytammonium hydroxide (EUNOH), tetrabutytammonium hydroxide (Bu 4 NOH) and trimethyl- 
benzylammonium hydroxide (0-CH 2 (Me) 3 NOH); tertiary amines such as trimethylamine, triethylamine, dime- 
thyl benzylamine and triphenylamine; secondary amines having the formula R 2 NH (where R is an alkyl such as 
io methyl or ethyl, an aryi group such as phenyl or toluyl, or the like); primary amines having the formula RNH 2 
(where R is the same as above): imidazoles such as 2-methyl imidazole and 2-phenyiimidazole; and basic salts 
such as ammonia, tetramethylammonium borohydride (Me 4 NBH 4 ), tetrabutylammonium bororiytiride 
(Bu 4 NBH 4 ), tetrabutylammonium tetraphenyl borate (Bu 4 NBPh 4 ) and tetramethylammonium tetraphenyl borate 
(Me 4 NBPh 4 ). 

15 Of these, preferable use can be made of tetralkylammonium hydroxides, and especially low-metal- impurity 

tetraalkylammonium hydroxides intended for electronics applications. 

When nitrogen-containing basic compounds (b) such as those cited above are used as the catalyst, the 
nitrogen-containing basic compounds (b) are used in an amount of to 10- 1 mole or less, and preferably 
1Q- 5 to 10r 2 mole, per mole of the aromatic dihydroxy compound. 
20 In addition, (c) boric acid compounds can be used as the catalyst 

Examples that may be cited of such boric acid compounds (c) include boric acid and borates. 
Examples that may cited of the borates include those borates having the following formula. 

B(OR) n (OH)3. n 

where R is an alkyl such as methyl or ethyl, or an aryl such as phenyl; and n is 1, 2 or 3. 
25 Specific examples that may be cited of borates such as these include trimethyl borate, triethyl borate, tributyl 

borate, trihexyl borate, triheptyl borate, triphenyl borate, tritolyl borate and trinaphthyl borate. 

When boric acid or a borate (c) is used, this is used in an amount of 1CH to 10~ 1 mole, preferably 10r 7 to 
10" 2 mole, and most preferably 1(H to 10r* mole, per mole of the aromatic dihydroxy compound. 
Preferable use of these as the catalyst can be made by combining, for example. 
30 (a) alkali metal compounds and/or alkaline earth metal compounds, and 

(b) nitrogen-containing basic compounds, 
or by combining 

(a) alkali metal compounds and/or alkaline earth metal compounds. 

(b) nitrogen-containing basic compounds, and 
35 (c) boric acid or borates. 

Thus, catalyst consisting of a combination of (a) alkali metal compounds and/or alkaline earth metal com- 
pounds, and (b) nitrogen-containing basic compounds causes the polycondensation reaction to proceed at a 
sufficient rate, making it possible to prepare high- molecular-weight polycarbonate at a high polymerization ac- 
tivity. 

40 Polycondensation reactions between the aromatic dihydroxy compound and the diester carbonate in the 

presence of a catalyst such as this can be carried out under the same conditions as the polycondensation re- 
action conditions hitherto known to the art 

Specifically, in the step one reaction, the aromatic dihydroxy compound and the diester carbonate are re- 
acted at normal pressure, a temperature of 80-250° C, preferably 100-230° C, and most preferably 120-190° 

45 C, and for 0-5 hours, preferably 0-4 hours, and most preferably 0-3 hours. Next, the reaction temperature is 
raised and the reaction between the aromatic dihydroxy compound and the diester carbonate is carried out while 
placing the reaction system under a vacuum: polycondensation between the aromatic dihydroxy corn-pound 
and the diester carbonate is ultimately carried out under a vacuum of 5 mmHg or less, and preferably 1 mmHg 
or less, and at 240-320° C. 

so The polycondensation reaction described above may be carried out as a continuous process or as a batch- 
type process. The reaction apparatus used when carrying out the above reaction may be a tank-type, tube- 
type, or column-type apparatus. 

The polycarbonate reaction product obtained in the above manner generally has an intrinsic viscosity, as 
measured in 20° C methylene chloride, of 0.10-1.0 dUg, and preferably 0.30-0.65 dUg. 
55 As described above, production methods according to the present invention are desirable from the stand- 

point of environmental health because they do not use toxic substances such as phosgene or methylene chlor- 
ide in melt polycondensation. 

In the present invention, sulfonic acid compounds [B] having formula (III] below are added to the polycar- 
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where RJ is a hydrocarbon group with 1-6 carbons (in which the hydrogens may be substituted with halogens), 
R* is a hydrogen or a hydrocarbon group with 1-8 carbons (in which the hydrogens may be substituted with 
halogens), and n ts an integer from 0 to 3, and preferably 0 or 1. 

Examples that may be cited of sulfonic acid compounds [B] represented by formula [lit] include the following 
compounds: sulfonic acids such as benzenesulfonic acid and p-toluenesulfonic acid; sulfonates such as methyl 
benzenesulfonate. ethyl benzenesulfonate. butyl benzenesulfonate, octyl benzenesulfonate, phenyl benzene- 
sulfonate. methyl p-toluenesulfonate. ethyl p-toluenesulfonate. butyl p-toluenesulfonate, octyl p-toluenesulfon- 
ate and pfienyl p-toluenesulfonate. 

Sulfonic acid compounds such as trifluoromethanesulfonic acid, naphthalenesulfonic acid sulfonated poly- 
styrene and methyl acrylate-styrene sulfonate copolymers may also be used. 

These compounds can be used alone or as combinations thereof. 

In the present invention, preferable use can be made of those sulfonic acid compound [B] having formula 
PI!] m which R 7 .s a methyl group. R« is an aliphatic hydrocarbon group having 1-6 carbons, and n is the integer 
0 or 1. More specifically, the use of p-toluenesulfonic acid or butyl p-toluenesulfonate is preferable 
* n ' V h ° Pr6Sent ,nvention - the sulfonic acid compound [B] represented by formula [III] is added in an amount 
of 0.05-10 ppm. preferably 0.1-5 ppm, and most preferably 0.2-2 ppm. based on the above polycarbonate [A] 

The alkaline metal compound remaining in the polycarbonate [A] is neutralized or weakened by the addition 
of a specific sulfonic acid compound [B] to the polycarbonate reaction product [A], ultimately making it possible 
to obtam polycarbonate having an even more enhanced residence stability and water resistance 

In polycarbonate production methods according to the present invention, it is preferable to add epoxy com- 
pounds [C] together with the sulfonic acid compounds [B] described above. 

Compounds having one or more epoxy group per molecule can be used as these epoxy compounds [C] 

Specific examples that may be cited of epoxy compounds such as these include epoxidized soybean oil 
epox.d.zed linseed oil, phenylglycidyl ether, allylglycidyl ether, t-butylphenylgiycidyl ether. 3,4-epoxycyclohex- 
ylme hyl-3 .4'-epoxycyclohexylcarboxylate. a^-epoxy-e-methylcyclohexylmethyl-S'^'-epoxy-e'-methylcycIo- 
hexy carboxylate, 2.3-epoxycyclohexylmethyl-3'.4'-epoxycyclohexylcarboxylate. 4-(3.4-epox y -5-methylcydo- 
hexyl)butyl-3 ( 4-epoxycyclohexylcarboxylate. 3.4-epoxycyclohexylethylene oxide, cyclohexylmethyl-3,4- 
epoxycyclohexylcarboxy^ 

A diglycidyl ether, tetrabromobisphenol A glycidyl ether, the diglycidyl ester of phthalic acid, the diglycidyl ester 
of hexahydrophthalic acid, bis-epoxydicydopentadienyl ether, bis-epoxyethylene glycol, bis-epoxycydohexyl 
ad-pate, butadiene diepoxide. tetraphenylethylene epoxide, octyl epoxyphthalate, epoxidized poly butadiene, 
3,4.d.methyl-1.2-epoxycydohexane, 3,5-dimethyl-1,2-epoxycydohexane, 3-methyl-5-t-butyl-1,2-epoxycylo- 
hexane octadecyl-^^dimethyl-a^-epoxycydohexylcarboxylate, N-butyl-2.2-dimethyl-3,4-epoxy<*ciohexyl- 
carboxylate. cydohexyl-2-methyl-3,4-epoxycydohexylc a rboxylate. N-bu^2.i8opmpyi-3,4-epoxyu5.mrthy|. 
cydohexylcarbox^ 

yiate 4^d.memyl-2.3-epoxycydohexy|.3'.4'-epox y cydohexylcarboxylate. 4,5-epoxytetrahydrophthalic an- 
ZT*' ^^^^'^P^yt^^y^Pnthalic anhydride. dieth y i-4,5.epoxy-cis-1,2-cyclohexyldicarboxylate 
and di-n-butyl-3-t-butyl-4,5-epoxy-cis-1 ,2-cydohexyldicarboxylate. 

Of these, the use of alicydic epoxy compounds is preferable, with the use of 3,4-epoxycydohexylmethyl- 
3 .4 -epoxycydohexylcarboxylate being especially preferable. 

These may be used alone or as mixtures of two or more thereof. 

In the present invention, this type of epoxy compound [C] should be added in an amount of 1-2000 ppm 
and preferably 10-1000 ppm. based on the above polycarbonate. 

When this kind of epoxy compound [C] is added in the above amount, even if an excess of the above sulfonic 
add compound [B] remains present within the polycarbonate [A], it reacts with the epoxy compound [C] and is 
thereby neutralized, enabling polycarbonate having an improved water resistance to be obtained 

In the polycarbonate production method according to the present invention, a phosphorus compound [D] 
may be added along with the sulfonic acid compound [B]. 
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Examples of compounds that may be used as these phosphorus compounds {DJ include phosphoric acid, 
phosphorous acid; hypophosphorous acid, pyrophosphoric acid, polyphosphoric acid, phosphates, and phos- 
phites. ■ 

Specific examples that may be cited of phosphates such as these include trialkylphosphates such as tri- 
methylphosphate. triethylphosphate. tributylphosphate, trioctylphosphate. tridecylphosphate. trioctadecyl- 
phosphate, distearylpentaerythrityldiphosphate, tris(2-chloroethyl)phosphate and tris(2,3-dichloropropy0 
phosphate;tricycloroalkylphosphates such as tricyclohexyl phosphate; and triarylphosphates such as triphenyl- 
phosphate. tricresyiphosphate. tris{nonyfphenyl)phosphate and 2-ethylphenyldiphenylphosphate. 

Examples that may be cited of phosphites include those compounds having the following formula 

P(OR) 3 

(where R is an alicyclic hydrocarbon group, an aliphatic hydrocarbon group or an aromatic hydrocarbon group: 
the groups represented by R may be the same or different). ' 1 

Specific examples that may be cited of compounds having this type of formula include trialkylphosphites 
such as trimethylphosphite. triethylphosphite. tributylphosphite. trioctylphosphite. tris(2-ethylhexyl)phosphite, 
trinonylphosphite, tridecylphosphite. trioctadecyiphosphite. tristearyiphosphite, tris(2-chloroethyl)phosphite 
and tris(2.3-dichloropropyl)phosphite; tricycloalkylphosphites such as tricyclohexylphosphite; triarylphosphites 
such as triphenylphosphite. tricresylphosphite. tris(ethylphenyl)phosphite. tris(2.4-dt-t-butylphenyl)phosphite, 
trts{nonyl phenyl )phosphite and tris(hydroxyphenyi)phosphite; and arylalkylphosphites such as phenyldtdecyl- 
phosphite. diphenyldecylphosphite, diphenylisooctylphosphite, phenylisooctyl phosphite and 2-ethylhexyldi- 
phenyl phosphite. 

Other examples of phosphites that may be cited include distearylpentaerythrityldiphosphite and bis(2,4-di- 
t-butylphenyl)pentaerythrityldiphosphite. 

These compounds can be used alone or as combinations thereof. 

Of the above, it is desirable that the phosphorus compounds [C] be phosphites having the above formula, 
preferably aromatic phosphites, and most preferably tris(2,4-di-t-butylphenyl)phosphite, 
These may be added separately and at the same time. 

In the present invention, phosphorus compounds [D] such as the above are added in an amount of 10- 
1000 ppm. and preferably 50-500 ppm, based on the polycarbonate [A]. 

In the present invention, the above-described sulfonic acid compounds (Bj and. where necessary, epoxy 
compounds [C] and/or phosphorus compounds [D], may be added to the polycarbonate [A] reaction product 
while the polycarbonate [A] is in a molten state, or they they may be added after remelting polycarbonate [A] 
that has been pelletized. In the former case, these are added while the polycarbonate [A] reaction product ob- 
tained within the reactor or within an extruder following completion of the polycondensation reaction is in a mol- 
ten state. 

More specifically, for example, after polycarbonate has been formed by adding compounds [B] and, if nec- 
essary, compounds [C] and [D], to the polycarbonate [A] obtained by the polycondensation reaction within the 
reactor, these may be passed through an extruder and pelletized; alternatively, the polycarbonate may be ob- 
tained by adding compounds [B], and if necessary compounds [C] and [01, and kneading these while the poly- 
carbonate [A] obtained in the polycondensation reaction is being passed through an extruder and pelletized. 

These various compounds may be added simultaneously or separately. The order in which these com- 
pounds is added is of no import. 

In the present invention, additives such as conventional heat stabilizers, ultraviolet absorbers, parting 
agents, colorants, antistatic agents, slip agents, anti-blocking agents, lubricants, anti-fogging agents, natural 
oils, synthetic oils, waxes, organic fillers and inorganic fillers, examples of which are indicated below, may be 
added to the polycarbonate obtained in the above manner, provided these do not have adverse effects upon 
the object of this invention. These additives may be added at the same time as the above compounds [B], [C] 
and ID}, or they may be added separately. 

Examples that may be cited of such heat stabilizers include phenol-based stabilizers, organic thioether- 
based stabilizers and hindered amine-based stabilizers. 

Specific examples that may be cited of phenol-based stabilizers include n-dctadecyt-3(4-hydroxy-3\ 5'-di- 
t-butylphenyl)propionate, tetrakis[(methylene-3-(3',5'-di-t-butyt-4-hydroxyphenyi)propionate]methane, 1 ,1 .3 
(tris(2-methyl-4-hydroxy-5-t-butylphenyl)butane, distearyl(4-hydroxy-3-methyl-5-t-butvl)benzy1malonate and 
4-hydroxymethyl-2.6-di-t-buty1phenol. These may be used alone or as mixtures of two or more thereof. 

Examples that may be cited of thioether-based stabilizers include dilauryt thiodipropionate. distearyl thio- 
dipropionate, dimyristyi-3,3'-thiodipropionate. ditridecyl-3,3'-thiodipropionate and pentaerythritol-tetrakis-(p- 
laurylthiopropionate). 

These may be used alone or as mixtures of two or more thereof. 

Examples that may be cited of hindered amine-type stabilizers include bis(2,2,6,6-tetramethyl-4-piperi- 
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dyl)sebacate. bis{1.2 ( 2.6.6-pentamethyl-4-piperidyl)sebacate. i-{2-[3-(3.5-di-t-butyl-4-hydroxyp 
nyloxyjethyl)-4-[3-{3.5^ 

9 9-tetrame^ 4.ben Z oyioxy-2Z6,6.tetr ame thyl P i pe ridine V 

(3,5-dH.t.butyl-4-hydroxybenzyl)-2-n.butylmalonic acid bis(1.2.2,6,6-pentamemyl-4-piperidyl) and tetrakis<2 
2.6 ) 6-tetramethyl-4-piperidyl)1 t 2,3,4-butane-tetracarboxylate. ^ 
These may be used alone or as mixtures of two or more thereof. 

These heat stabilizers should be used in an amount of 0.001-5 parts by weight, preferably 0 005-0 5 part 
by weight, and most preferably 0.01-0.3 part by weight, per 100 parts by weight of the polycarbonate [A] 
These heat stabilizers may be added in a solid state or in a liquid state. 

It is preferable that this type of heat stabilizer be added while the polycarbonate [A] is in a molten state 
during the period when it is cooled and palletized [after removal] from the final polymerizes by so doing the 
thermal history incurred by the polycarbonate is small. Moreover, when heating treatment such as exWsion 
or peptization is again carried out, thermal decomposition can be suppressed because the polycarbonate con- 
tains a heat stabilizer. 

There is no particular restriction on the ultraviolet absorbers used, it being possible to use conventional 
ultraviolet absorbers such as salicylic acid-type ultraviolet absorbers, benzophenone-type ultraviolet absorb- 
ers, benzotriazole-type ultraviolet absorbers and cyanoacrylate-type ultraviolet absorbers. 

Specific examples of salicylic acid-type ultraviolet absorbers that may be cited include phenylsalicylate and 
p-t-butylphenylsalicylate. 

Examples that may be cited of benzophenone-type ultraviolet absorbers include 2,4-dihydroxybenzophe- 
none, 2-hydroxy-4-methoxybenzophenone. 2,2'-dihydroxy-4-methoxybenzophenone, 2,2'-dihydroxy-4 4'-di- 
methoxybenzophenone, 2-hydroxy-4-methoxy-2'-carboxybenzophenone. 2-hydroxy-4-methoxy-5-su!foben- 
zophenonetnhydrate, 2-hydroxy-4-n-octoxybenzophenone, 2.2\4 ( 4'-tetrahydroxybenzophenone 4-dodecy- 
loxy-2-hydroxybenzophenone, bis(5-benzoyl-4-hydroxy-2-methoxyphenyl)methane, and 2-hydroxv-4-me- 
thoxybenzophenone-5-sulfonic acid. 

Examples that may be cited of benzotriazole-type ultraviolet absorbers include 2-(2'-hydroxy-5'-methyl- 
phenyl)benzotriazole, 2-{2'-hydroxy-3' ( 5'-di-t-butylphenyl)benzotriazole, 2-(2'-hydroxy-3'-t-butyl-5'-methyl- 
phenyl)-5-chlorobenzotriazole ( 2-(2'-hydroxy-3',5'-di-t-butylphenyl)-5-chlorobenzotriazole ( 2,(2'-hydroxy-5'-t- 
octylphenyl)benzotriazole, 2-(2'-hydroxy-3' 1 5'-di-t-amylphenyl)benzolriazole. 2-f2'-hydroxy-3'.<3" 4"5" 6" tet- 
rahydrophthalimidomethyl)-5'-methylphenyllbenzotriazole and 2.2'-methylenebis [4-(1 ,1 ,3.3-tetramethylbu- 
tyl)-6-(2H-benzotriazole-2-yl)phenol. 

Examples that may be cited of cyanoacrylate-type ultraviolet absorbers include 2-ethy(hexyl-2-cyano-3 3- 
diphenylacryiate and ethyl-2-cyano-3,3-diphenylacrylate. These may be used alone or as mixtures of two or 
more thereof. 

These ultraviolet absorbers can generally be used in an amount of 0.001-5 parts by weight, preferably 
0.005-1 .0 part by weight, and even more preferably 0.01-0.5 part by weight, per 1 00 parts by weight of the poly- 
carbonate [AJ. 7 

There is no particular restriction on the parting agents, it being possible to use common parting agents 
Examples of hydrocarbon-type parting agents that may be cited include natural and synthetic paraffins 
40 polyethylene waxes and ftuorocarbons. 

Examples that may be cited of fatty acid-type parting agents are higher fatty acids such as stearic acid and 
hydroxystearic acid, and oxyfatty acids. 

Examples that may be cited of fatty amide-type parting agents include fatty amides such as stearamide 
and ethylenebisstearamide. and alkylenebisfatty amides. 

Examples that may be cited of alcohol-type parting agents include fatty alcohols such as stearyl alcohol 
and cetyl alcohol, polyhydric alcohols, polyglycols and polyglycerols. 

Examples that may be cited of fatty ester-type parting agents include the lower alcohol esters of fatty acids 
such as butyl s tea rate and pentaerythritol tetrastearate. the polyhydric alcohol esters of fatty acids, and the 
polyglycol esters of fatty acids. 

Examples that may be cited of silicone-type parting agents include silicone oils. These may be used alone 
or as mixtures of two or more thereof. 

These parting agents can generally be used in an amount of 0.001-5 parts by weight, preferably 0 005-1 
part by weight, and most preferably 0.01-0.5 part by weight, per 100 parts by weight of the polycarbonate [A] 
The colorants may be pigments or dyes. There are both inorganic and organic colorants, either of which 
ss may be used; it is also possible to use combinations of both. 

Specific examples that may be cited of inorganic colorants include oxides such as titanium dioxide and red 
oxide hydroxides such as alumina white, sulfides such as zinc sulfide, seienides, ferrocyanides such as Prus- 
sian blue, chromates such as zinc chromate and molybdenum red. sulfates such as barium sulfate, carbonates 
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such as calcium carbonate, silicates such as ultramarine blue, phosphates such as manganese violet, carbons 
such as carbon black, and metal powder colorants such as bronze powder and aluminum powder. 

Specific examples of organic colorants that may be cited include nitroso compounds such as naphthol 
green B, nitro compounds such as naphthol yellow S, azo compounds such as lithol red. bordeaux 10B, naph- 
5 thol red and chromophthal yellow; phthalocyanine compounds such as phthalocyanine blue and fast sky blue, 
and condensed polycyclic colorants such as indanthrone blue, quinacridone violet and dioxazine violet 

These colorants may be used alone or as combinaions thereof. 

These colorants can generally be used in an amount of 1x1 0- 6 to 5 parts by weight, preferably 1x1 Or 5 to 3 
parts by weight, and most preferably 1x1 0" s to 1 part by weight per 100 parts by weight of the polycarbonate 

" [A). - 
In this invention, the polycarbonate obtained in the above manner should be administered vacuum treat- 
ment 

There is no particular restriction on the apparatus used when carrying out this type of vacuum treatment; 
for example, a reactor equipped with a vacuum apparatus or an extruder equipped with a vacuum apparatus 
15 may be used. 

When a reactor is used, this may be either a vertical tank-type reactor or a horizontal tank-type reactor, 
although use of a horizontal tank-type reactor is most preferable. 

When the vacuum treatment is conducted in the above-described type of reactor, it is carried out at a pres- 
sure of 0.05-750 mmHg, and preferably 0.05-5 mmHg. 
20 When this kind of vacuum.treatment is conducted using an extruder, it should be carried out over a period 

of about 10 seconds to 15 minutes. When it is conducted using a reactor, it should be carried out over a period 
of about 5 minutes to 3 hours. The vacuum treatment should be carried out at a temperature of about 240-350° 
C. 

When the vacuum treatment is carried out in an extruder, a single-screw extruder or twin-screw extruder 
25 equipped with a belt may be used. Peptization can be carried out while conducting vacuum treatment in an 
extruder. 

When vacuum treatment is carried out in an extruder, the vacuum treatment is carried out at a pressure of 
1-750 mmHg, and preferably 5-700 mmHg. 

When vacuum treatment is administered in this way after the addition to polycarbonate of sulfonic acid com- 
30 pounds [B] and, where necessary, epoxy compounds [C] and phosphorus compounds [D], a polycarbonate with 
a reduced level of residual monomers and oligomers can be obtained. 

The polycarbonate obtained in this invention has a low discoloration immediately after polycondensation 
and an excellent residence stability at the time of melt molding. Hence, thermal decomposition does not readily 
arise during molding; in addition, [the polycarbonate) is not prone to decreases in molecular weight or yellowing, 
35 and also has an excellent hue stability. 

Also, in polycarbonate compositions containing epoxy compounds, the water resistance is improved and 
the transparency is less apt to decrease. 

Because polycarbonates such as these can be formed into moldings having excellent long-term hue sta- 
bility and excellent transparency, broad use can be made of such polycarbonates, particularly in optical appli- 
40 cations such as sheets, lenses and compact disks, in transparent components for automobiles or the like used 
outdoors, and also in housings for various types of equipment. 

In the polycarbonate production method according to the present invention, melt polycondensation is car- 
ried out by making the alkali metal compounds and/or alkaline earth metal compounds serving as the catalyst 
present in a specific amount within the reaction system and adding specific sulfonic acid corinpounds to the 
45 polycarbonate obtained. 

By means of this type of polycarbonate production method according to the present invention, the poly- 
condensation reaction can be carried out stably while maintaining a high polymerization activity. Moreover, a 
polycarbonate can be obtained that has an excellent initial color tone immediately after polycondensation, im- 
proved residence stability and water resistance, and improved heat stability, 
so Also, it is preferable that epoxy compounds and/or phosphorus compounds be added along with these sul- 

fonic acid compounds, thereby making it possible to obtain polycarbonates having even further improved water 
resistances and hue stabilities. 

The polycarbonates obtained in this invention have excellent residence stability at the time of melt molding, 
and are able to form moldings having particularly excellent water resistance and transparency. 
55 The present invention shall now be described by means of examples, although the invention shall in no 

way be restricted by these examples. 

In this specification, the intrinsic viscosity (IV). MFR. hue (Yl), light transparency, haze, residence stability 
and water resistance of the polycarbonate were measured as follows. 
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This was measured at 20° C in methylene chloride using an Ubbelohde viscometer. 
This was measured at a temperature of 300° C and a load of 1 .2 kg in general accordance with the method 
in JIS K-7210. 

An injection-molded sheet having a thickness of 3 mm was molded at a cylinder temperature of 290° C, 
an injection pressure of 1000 kg/cm*, a cycle time of 45 seconds, and a mold temperature of 100° C. The X, 
Y and Z values were measured by the transmission method using a Color and Color Difference Meter NO- 1001 
DP made by Nippon Denshoku Kogyo KK, and the yellow index <YI) was measured. 

YI = 100(1.277X- 1.060Z)/Y 

Using the injection molded sheet prepared for hue measurement, the light transmittance was measured in 
accordance with the method in ASTM D 1003. 

The haze of the injection-molded sheet for hue measurement was measured using an NDH-200 made by 
Nippon Denshoku Kogyo KK. .\ , 

The MFR was measured at a temperature of 300° C and a load of 1.2 kg, in general accordance with the 
method in JIS K-7210 

After retaining the resin within the cylinder of the injection molding machine for 15 minutes at a temperature 
of 320° C, injection molding was carried out at that temperature, and the MFR, hue (Yl) and light transmittance 
of the molded sheet were measured. 

The injection-molded sheet for hue measurement was immersed in water within an autoclave, and held for 
5 days in an oven at 125° C. The haze was measured using this test piece. 

Quantitative determinations of alkali metals and alkaline earth metals were carried out on 100-mg samples 
using a fiameless atomic absorption spectroscopic analyzer (model TSC-10; Mitsubishi Kasei Corp.) 

Examples 


An elemental analysis of bisphenol A (GE Plastics Japan) was conducted, from which the combined level 
of alkali metals and of alkaline earth metals was found to be less than 1 ppb; hence, this was used directly as 
a starting material. 

The diphenyi carbonate ("Enti"* Co.) was purified by distillation; this was used as a starting material after 
the amount of alkali metals and alkaline earth metals was confirmed to be less than 1 ppb. 

A 20% aqueous solution of tetramethylammonium hydroxide (Toyo Gosei) was used as a starting material 
after the level of alkali metals and alkaline earth metals was confirmed to be less than 1 ppb. 

Example 1 


After charging a 250-liter tank-type stirring tank with 0.44 kilomoie of bisphenol A and 0.46 kilomoie of di- 
phenyi carbonate, and flushing the tank with nitrogen, [the mixture] was melted at 140° C. 

Next, the temperature was raised to 180° C, 0.000176 mole (4x10-? mole/mole of bisphenol A) of sodium 
hydroxide and 0.11 mole (2.5x10-* mole/mole of bisphenol A) were added as the catalyst, and [the mixture] 
was stirred for 30 minutes. 

The temperature was then raised to 210° C and the pressure was at the same time gradually lowered to 
200 mmHg; 30 minutes later, the temperature was raised to 240° C and the pressure was simultaneously low- 
ered gradually to 15 mmHg. after which both temperature and pressure were held constant and the amount of 
phenol distilled off was measured. At the point in time at which the phenol stopped being driven off, the pressure 
was returned to atmospheric pressure with nitrogen. The time required for reaction was one hour. The intrinsic 
viscosity [n.] of the reaction product was 0.15 Ug. 

Next, this reaction product was pressurized with a gear pump and sent into a centrifugal thin-film evapor- 
ator, where the reaction was allowed to proceed. The temperature and pressure of the thin-film evaporator were 
respectively controlled to 270° C and 2 mmHg. [The reaction product] was sent by means of a gear pump from 
the bottom of the evaporator into a two-shaft lateral-type stirring polymerization tank (L/D = 3; stirring element 
rotational diameter. 220 mm; capacity, 80 liters) controlled to 293° C and 0.2 mmHg at a rate of 40 kg/hour, 
and polymerized at a residence time of 30 minutes. 

Next, this polymer was sent in a molten state by means of a gear pump into a twin-screw extruder (L/D = 
17.5; barrel temperature, 285° C). This was kneaded with 0.7 ppm of butyl p-toluenesulfonate, after which it 
was passed through a die and formed into strands, then cut so as to give pellets. 

The intrinsic viscosity (IV) of the polymer thus obtained was 0.49 dL/g. 

The results are shown in Table 1 . 
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Example 2 

Pellets were obtained by the same method as in Example 1. except that 300 ppm of 3,4-epoxycyclohex- 
ylmethyt-3\4'-epoxycyclohexylcarboxylate ("Celoxide" 2021 P: Daicel Chemical Industries) was added along 
5 with the 0.7 ppm of butyl p-toluenesulfonate. 
The results are shown in Table 1. 

Example 3 

to Pellets were obtained by the same method as in Example 1. except that 300 ppm of 3,4-epoxycyclohex- 

ylmethyl-3'.4'-epoxycyclohexylcarboxylate ("Celoxide" 2021 P; Daicel Chemical Industries) and 300 ppm of 
tris(2.4-di-t-butylphenyl)phosphite ("Mark" 21 1 2; "Adeka Argas" Co.) were added along with the 0.7 ppm oYbutyl 
p-toluenesulfonate. ' 

The results are shown in Table 1 . 

;5 

Examples 4-12 

Pellets were obtained by the same method as in Example 1. aside from the use of trie catalysts and addi- 
tives in Taule 1 in the indicated amounts, and aside from setting the final polymerization temperature at 290° 
20 C in Examples 4-6, and at 289° C in Examples 7-9. 
The results are shown in Table 1 . 

Example 13 

25 Pellets were obtained by the same method as in Example 1 , except that tetramethylammonium hydroxide 

was not used, and the reaction was carried out at 180° C for 2 hours and at 210* C for 1 hour. 

Reference Examples 1-8 

30 Pellets were obtained by the same method as in Example 1 . aside from the use of the catalysts and addi- 

tives in Table 1 in the indicated amounts, and aside from setting the final polymerization temperature at 287° 
C in Reference Examples 1-3, at 285° C in Reference Example 4, at 282° C in Reference Example 5, at 293° 
in Reference Example 7, and at 280° in Reference Example 8. 
The results are shown in Table 1. 

35 In Reference Example 6. the final temperature of reactor was raised to 310° C and the polycondensation 

reaction was carried out, but the molecular weight (intrinsic viscosity [nj temperature) did not rise to the target 
levei. 
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Table, i 



Example 

1 

Example 

2 

Example 

3 

Example 

4 

Catalyse 

1) NaOH 

aoounc. 10~ 7 ool/BPA) 

2) Me^HOH 

aoounc (10~ 4 oole/BPA) 

4.0 
2.5 

4.0 
2.5 • 

4.0 
2.5 

2.5 

fcddit iv« 
tB] Compound 

(aoounc used, ppm) 
[C] Epoxy Coapouad 

{amount used, ppa) 
fD) Phosphorus Compound 

(aoounc mid, ppa) 

BTS 
0.7 

BTS 
0.7 
2021P 
300 

BTS 

0.7 
2021P 

300 
TD8PP 

300 

BTS 
1.1 

Initial properties 
IV <dL/g) 
YI 

Lighc traaamictance CI) 
Hase 

MFR (g/10 min) 

0. 49 
1.41 

90.9 
0.2 

10.4 

0. 49 
1.41 

90.9 
0.2 

10.3 

0.49 
1.40 

90.9 
0.2 

10.4 

0. 49 

1. 44 
90.9 

0.2 
10.5 

Residence stability 
YI 

MFR (g/10 ain) 
MFR rise (X) 

1.51 
10.6 
2 

1.52 
10.5 
2 

1.41 
10.6 
2 

1.54 
10.8 
3 

Wacer resistance 
Haze 

0.6 
(C. T. TC) 

0.5 
(C, T. HC) 

0.8 
(C. T. MC) 

0.9 
(C, T. TC) 


BTS = butyl p-colu«aesulf onaee: 2021P « "Celoxide" 2021P 
TDBPP = trie (2. 4-di-t-butyl phenyl ) phosphite ; 

C = colorless; T * transparent; TC = cioy cradts; NC = no cracks) 
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Table X ( coat iuoation 1) 


10 


15 


20 


25 



Exampl e 

Example 

Exanple 

Ezampl e 


5 

6 

7 

8 

Cacaly a c 





I) NaOH 





Amount. 10"*' aol/BPA) 

6 . 0 

6 .0 

7.0 

7.0 

2) He 4 NOH 





aaounc (10 — aole/BPA) 

2 . 5 

2.5 

2,5 

2.5 

Additive 





[3 ] Coopou od 

BTS 

BTS 

BTS 

BTS 

(aaounc used, ppa) 

1 . 1 

i.l 

1.3 

1.3 

[C] Zpoxj Coapound 

2021P 

2021P 



2021P 

(aoouBt used, ppa) 

300 

300 


300 

{0} Phosphorus Coapound 


TDBPP 

_ 


(amount used, ppa) 


300 



Initial properties 





IV (dL/g) 

0. 49 

0-49 

0. 49 

0.49 

YI 

1.44 

I .43 

t. 49 

1. 49 

Light ctaniaiccance CI) 

90.9 

90.9 

90.9 

90.9 

Hize 

0 . 2 

0.2 

0.2 

0.2 

MFR (g/10 Bia) 

10.4 

10.4 

10.3 

10.3 

Residence stability 





TI 

1.55 

1.43 

1.59 

1.59 

HFR {g/10 min) 

10.6 

10. 6 

10.5 

10.5 

MFR rise (I) 

2 

2 

2 

2 

Water reiiitaoce 





Haze 

0.7 

1.0 

1.0 

0.9 


(C. T. NO 

(C. T, NO 

<C. T. TC) 

<C. T, NO 


BTS * butyl p-tolueneaulf ontc e ; 2021P =» "Celoxide" 2021P 
TDBPP = c rie ( 2 . 4-di-c-bucyiphenyl } phoephit e: 

C a colorleaa! T = transparent; TC = tiny cracks; NC = no cracka) 
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Table 1 (continuation 2) 



Sxaaple 

9 

Sxaople 

10 

Sxanple 

11 

Example 

12 

Cacal7Bt 

1) NaOH 

laounc, 10~ 7 nol/BPA) 

2) He 4 NOH 

aeounc (10" A oola/BPA) 

7.0 
2.5 

4,0 
2.5 

4,0 
2.5 

4.0 

2.5 

Additive 

[B] Coapouad 
(tiouot used, ppn) 

[C] Epoxy Coapouad 
(aiouoe uitd. ppo) 

[D] Pbocphocui Compound 
(iioaot usad, ppn) 

BTS 

l . J . 
2021P 

300 
TDBPP 

300 

TS 
0 . 5 

TS 
0.5 
2021P 
300 

TS 
0.5 

2021P 
300 

TDBPP 
^ tin 

Initial properties 
IT (dL/g) 
TI 

Lighc eriniDit:anc« (I) 
Haxa 

MFR ( a /l0 sin) 

0. 49 
1.48 

90.9 
0.2 

10.4 

0.49 
1.41 

90.9 
0.2 

10.3 

0. 49 
1.41 

90.9 
0.2 

10.3 

0.49 
1.40 

90.9 
0.2 

10.'3 

Residence stability 

TI 

MFR (g/10 axio) 
MFR rise (X) 

1.49 
10.6 

2 

1.50 
10.5 
2 

t.51 
10.5 
2 

1 .42 
10.5 
2 

Water resistance 
Haxa 

1 . 1 
(C. T. NO 

0.7 
(C, T* TC) 

0.7 
(C. T. NO 

0.9 
(C. T. NO 


2021P = "Celoxida" 2021P 


C - colorleae; T = crsn.pareoc; TC = tiny cracks; NC = no crack*) 
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Table 1 (continuation 3) 



Example 13 

Catalyst 

1) NaOH 

amount, 10~ 7 mol/BPA) 

2) Me 4 NOH 

amount (10~^ mole/BPA) 

4,0 

Additive 

[B] Compound 
(amount used, ppm) 

[C] Epoxy Compound 
(amount used, ppm) 

FDl PhosDhorus Compound 

^ mm* J m» mm \m mm mf mm% mm v 9^m* ^ m ■ ^™ 

(amount used, ppm) 

BTS 
0,7 

Initial properties 
IV (dL/g) 

7T 

Light t ransmittance (%) 
Haze 

MFR (g/10 min) 

0.49 
1.41 

90.9 
0.2 

10.4 

Residence stability 
YI 

MFR (g/10 min) 
MFR rise (%) 

1.52 
10.6 

2 

Water resistance 
Haz e 

0.7 
(C. T. NC) 


BTS = butyl p-t oluenesulf onate ; 
C = colorless; T = transparent; 
TC =* tiny cracks; NC = no cracks) 
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Table 1 (continuation 4) 



Reference 
Example 

1 

Exaople 

2 

Reference 
Example 

3 

Reference 
Example 
4 

Catalyse 

1) NaOH 

amount. 10~ 7 nol/BPA) 

2) Me^KOH 

amount (10~ 4 oole/BPA) 

Addle iva 

[B] Compound 
(aoouat used, ppa) 

[C] Epoxy Compound 
(amount uaed, ppo) 

[D] Phosphorus Coapound 
(amount uaed, ppm) 

10.0 
2.5 

BTS 
1.8 



10.0 
2.5 

BTS 
1.8 
2021P 
300 

10.0 
2.5 

BTS 

1.8 
2021P 

300 
TDBPP 

300 

20.0 A 
2.5 

BTS 

3.5 
2021P 

300 
TDBPP 

300 

Initial properties 
IV (dL/g) 
TI 

Light cranemiecance (X) 
Haxe 

MFR (g/10 nin) 

0 . 49 
1.67 

90. 8 
0.2 

10.3 

0. 49 
1.68 

90. a 

0.2 
10.4 

0. 49 
1.54 

90.8 
0.2 

10.5 

0. 49 

1. 86 
90.8 

0.2 
10.4 

Residence stability 
YI 

MFR (g/10 nin) 
MFR rise (X) ' 

1. 85 

■ u.o 

7 

1 . 89 
U.2 
3 

1.64 
11.2 
7 

1.98 
11.3 
9 

Water resietanea 
Haxe 

5.4 
slightly 
cloudy j 

4.2 
slightly 
cloudy 

5.3 
alighely 
cloudy 

11.3 
slightly 
c loudy 


.DBPP * tria(2,4-di-c-butylphenyl)pho.phiee; 


2021P 
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Table 1 (concinoitiott 5) 


10 


15 


20 


25 


30 



Reference 
Example 

5 

Reference 
Examp le 

6 

Reference 
Example 

7 

Reference 
Er ample 

8 

Catalyse 

1) NaOR 

amount, 10 ' nol/BrAJ 

2) Ma 6 H0H 

iioaac (10~ 4 nole/BPA) 

2.5 

0 . 7 
2.5 

4.0 
2.5 

50.0 
2.5 

Additives 

[B] Coapouod 
(asount used, ppo] 

[C] Epoxy Compound 
(amount used, ppm) 

[D] Phosphorus Compound 
(amount used, ppm) 

BTS 

7 .0 
2Q21P 

300 
TDBPP 

300 

3TS 
0. t 

BTS 
15.0 

ATS 
100 . 0 

Initial properties 
17 UL/g) 
Tl 

Light tranamittance (S) 
Hat« 

MFR (g/10 nin) 

0. ^9 
2. 10 

90.7 
0.3 

10.3 

0.28 
NK 

MOO 

0. 49 
I .42 

90.9 
0.2 

10. 4 

0.49 
2.90 

90.7 
0.3 

10.3 

Residence stability 
Tl 

MFR (g/10 min) 
HFR rise (I) 

1. 43 
. 1 


1 .65 
10.9 
5 

3. 15 
11.4 
1 1 

Uttir resistance 
Haze 

83 .4 
cloudy 


93 
cloudy 

98 
cloudy 


3TS = butyl p-toluanesulf onate: 2021P * "Caloxide" 2021P 
TDBPP = cria(2.4-di-t-butylphenyl)phoophice; NV = not moldable 
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Claims 

1 . A method for preparing polycarbonates, which method is characterized by inducing the melt polyconden- 
45 sation of an aromatic dihydroxy compound and a diester carbonate in the presence of a total amount in 

the reaction system of 5x10-* to 8x10-? mole of (a) alkali metal compounds and/or alkaline earth metal 
compounds per mole of the aromatic dihydroxy compound, and adding to 

[A] the polycarbonate which is the reaction product thereof: 

[B] a sulfonic acid compound having formula [III] below in an amount of 0.05-10 ppm, based on the poly- 
50 carbonate 
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rrZ R \ iS p a a hyd K 9r ° UP h3Ving 1 " 6 Carb ° nS (in which the hydr °9 ens ™y b * substituted vith 

ha ogens , R* ,s a hydrocarbon group with 1-8 carbons (in which the hydrogens may be substituted wi* 
halogens), and n is an integer from 0 to 3 . auuauiuiw wim 

2. A method for preparing polycarbonates, which method is characterized by inducing the melt polyconden- 
aatnn o an aromabc dihydroxy compound and a diester carbonate in the presence of a totaTaZnt in 
the reaction system of 5x10-8 to 8x1(H mole of amount in 

(a) alkali metal compounds and/or alkaline earth metal compounds per mole of the aromatic dihydroxv 
compound, and adding to umyuruxy 

[AJthe polycarbonate which is the reaction product thereof: 

[B] a sulfonicacid compound having formula [HI] above in an amount of 0.05-10 ppm, based on the oolv 
carbonate, and also 1 K 1 

[C] an epoxy compound in an amount of 1-2000 ppm, based on the polycarbonate. 

3. A method for preparing polycarbonates, which method is characterized by inducing the melt polyconden- 
satnn of an aromabc dihydroxy compound and a diester carbonate in the presence of a total amount in 
the reaction system of 5x10-* to 8x10- 7 mole of 

(a) alkali metal compounds and/or alkaline earth metal compounds per mole of the aromatic dihydroxv 
compound, and adding to ' wy 

[AJthe polycarbonate which is the reaction product thereof: 

[B] a sulfonic acid compound having formula [III] above in an amount of 0.05-10 ppm, based on the oolv- 
carbonate, r 3 

[C] an epoxy compound in an amount of 1-2000 ppm, based on the polycarbonate, and also 
[□] a phosphorus compound in an amount of 10-1000 ppm. based on the polycarbonate. 

4. A method for preparing polycarbonates according to any one of claims 1. 2 or 3, whereby said (a) alkali 
metal compounds and/or alkaline earth metal compounds are used in an amount such that the total amount 
in the reacbon system becomes 1x10-7 , 0 7x10-' mole per mole of the aromatic dihydroxy compound. 

5. A method for preparing polycarbonates according to any one of claims 1. 2 or 3. whereby (a) the alkali 
meal compounds and/or alkaline earth metal compounds are used in an amount such that me total amount 
in the reacbon system becomes 1x10-' to 6x10-' mole per mole of the aromatic dihydroxy compound. 

6 ' tTH. 0 "^ rePar "l 9 polycart,ona,e8 ■«w*«Q '0 any one of claims 1. 2 or 3. whereby the sulfonic acid 
compound [B] is used in an amount of 0.1-5 ppm. based on the polycarbonate. 

7 ' r^T"! „r Par 7. pol >' carbonates accor(li "9 to any one of claims 1 . 2 or 3. whereby the sulfonic acid 
compound (BI is used in an amount of 0.2-2 ppm, based on the polycarbonate. 

8. A method for preparing polycarbonates according to any one of claims 1 . 2 or 3. whereby the sulfonic acid 
compound [B] is a sulfonic acid compound where, in above formula nil), R' is a methyl group, R» is an 
aliphatic hydrocarbon group having 1-6 carbons, and n is 0 or 1. 

9 ' cZl^' mr T5" PO ' yCart > onatea accorti "9 10 a " v °" a of claims 1 , 2 or 3, whereby the sulfonic acid 
compound [B] is butyl p-toluenesulfonate or p-toluenesulfonic acid. 

10 ' anTm^^f 'iTnfn" 9 P °'^' b ° nalea accordin 9 * da ™ 2. whereby the epoxy compound (C] is used in 
an amount of 1-1000 ppm, based on the polycarbonate. 

11 accordins t0 daim 2 * whereby the epoxy compound tcl is 

12. A method for preparing polycarbonates according to claim 2, whereby the epoxy compound [C] is 3,4-epox- 
ycyclohexylmethyl-S'^'-epoxycyclohexyfcarbonate. J>«.*epox 

13 - i n ^jz££%r m accordin9 to daim 3 - the compound tDi is 

14 ' iSSS!^^ aceor<lin9 ,0 daim 3 - whereby the ** - 
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